Abstract HIV prevalence and risk behaviour among foreign migrants in South Africa has not been explored. This paper describes the effectiveness of respondent-driven sampling (RDS) to recruit foreign migrant women residing in Cape Town, reports HIV prevalence, and describes key characteristics among them. We conducted a biological and behavioural surveillance survey using RDS. After written informed consent, participants completed an audio computer assisted self-interview and provided a dried blood sample for HIV analysis. HIV prevalence was estimated to be 7 % (CI 4.9-9.5) among 935 women. HIV sero-positivity was associated with older age (p = 0.001), country of origin (p \ 0.000), being unmarried (p \ 0.000), having lived in South Africa for 3-5 years (p = 0.023), sexual debut at C15 years (p = 0.047), and having used a condom at last sex with a main partner (p = 0.007). Few women reported early sexual debut, or multiple sexual partners. RDS was successful in recruiting foreign migrant women.
Introduction
The link between migration and increased risk for HIV infection has been well established in populations around the world [1] [2] [3] . Integrating HIV prevention, treatment and care among migrant populations into national and regional HIV responses has become a priority for the international public health policy and prevention community [4] . In South Africa, refugees and asylum seekers (hereinafter referred to as ''migrants'') of African origin have been included as a key population to be targeted for prevention, care, and treatment interventions in the National Strategic Plan for HIV and AIDS, STIs and TB, 2012-2016 [5] . In order to address these international and local priorities, regular surveillance is needed to monitor HIV prevalence and risk behaviors in key migrant populations, and to assess the impact of HIV-related interventions.
Migrant populations in Africa can generally be broken into two categories: internal migrants, and foreign migrants. Internal migrants remain in their home country, and their migration is often characterized by moving from rural to urban areas in search of economic opportunity. Foreign migrants leave their home and travel to a new host country, where they tend to self-settle as movement and access to employment opportunities are less restricted than in refugee camp settings [6] [7] [8] .
While a number of studies have investigated HIV among internal migrants in South Africa [9] [10] [11] [12] [13] [14] , there is little available epidemiologic data regarding the burden and distribution of HIV infection among foreign migrants residing in the country. The few studies that have assessed HIV-related risk behaviors among self-settled foreign migrants in South Africa found that women have lower access to health care services and engage in riskier sexual behaviors than their internal migrant counterparts [15, 16] . Specific HIV prevalence estimates for self-settled migrants are difficult to obtain because these populations are often in their host countries without appropriate documentation [17] , and are diversely distributed within the host country's population making HIV surveillance through probability sampling and recruitment methods difficult to conduct among them.
Unlike the majority of other southern African countries, South Africa does not have encampment policies or refugee camps that would restrict the freedom of movement or choice of residence of migrants [18] . Consequently they reside in urban areas, throughout the country. South Africa's relative economic and political stability has attracted a large population of self-settled migrants, with some estimating that a total of 1-1.5 million Zimbabwean-born individuals alone are currently residing in the country [17] , and that foreign migrants accounted for almost 4 % of the South African population in 2010 [19, 20] . However, despite South Africa's relative stability, migrants who reside here compete with the local population in the face of high levels of unemployment; poor (health and other) service delivery; and continued inequality [18] . Violence and xenophobia are common experiences for migrants in this country. Furthermore, despite the South African government's liberal policies extending to migrants that include access to health and social services, anecdotal evidence suggests that migrants face challenges when accessing these services. South Africa remains a country with one of the largest number of people living with HIV (estimated 5.6 million) and one of the highest HIV prevalence rates (17.3 %) in the world [21] . The interaction between South Africa's sizable HIV-positive and large foreign migrant populations has likely resulted in an elevated burden of HIV among foreign migrants. However, there are currently no estimates of the HIV prevalence among them that are based on rigorous research. HIV surveillance repeated at regular intervals to track changes in HIV prevalence and risk behaviors, and provide an early-warning system for this largely neglected population is needed.
This paper aims to describe the effectiveness of respondent driven sampling (RDS) to recruit foreign migrant women residing in Cape Town; report sample and population estimates of HIV prevalence; and describe key characteristics among these women.
Method
From 19 May to 26 August 2012 we conducted a crosssectional HIV biological and behavioral surveillance survey (BBSS) using respondent-driven sampling (RDS) among foreign migrant women residing in Cape Town.
Formative Research
Prior to the BBSS, we conducted formative research to assess the appropriateness of using RDS to investigate HIV prevalence and related risk behaviors among the study population. This formative research was designed and conducted in accordance with recommendations from researchers with vast field experience conducting RDS studies among vulnerable populations [22] . This research investigated the nature of the community of foreign female migrants in Cape Town by examining social network properties of migrant women, acceptability of RDS, acceptability of time-venue sampling, and potential seed selection. The questions used to examine these factors are based on the formative research of Johnston et al. [22] . To answer these questions, six key informant interviews were conducted with individuals who work at organizations in Cape Town that provide services to female foreign migrants. The interview process was stopped once saturation was reached, meaning that no new or unique information was gained from interviewing additional key informants. A summary of the information from these interviews ascertained that there is an underlying network that encompasses all female foreign migrants in Cape Town: foreign migrant women knew each other and were socially networked. The key informants suggested that women with shared countries of origin and native languages tended to cluster more tightly together geographically and socially, but that there were bridges between these groups. We were able to confirm that foreign migrant women were a hard to reach population because they are diversely distributed within the general population, having self-settled in areas throughout the Cape Town Metropolitan area. We established an appropriate type and value for incentives, and identified initial recruiters (seeds) from different sub-Saharan countries and residing in different parts of Cape Town to begin the recruitment process.
Setting
The survey was conducted in a centrally located, easily accessible and fixed venue. The venue had private rooms for collection of DBS, rapid HIV testing and counseling, and recruitment coupon and incentive disbursements. Oneon-one eligibility screening and self-completion of the audio-computer assisted self-interview (ACASI) was done in a large hall where participants were seated at tables that were well-separated from each other to maximize privacy. The study employed 20 fieldworkers: two multi-lingual coupon managers, and two fieldworkers for each of the languages of potential participants: English, Shona, Swahili, Lingala, Kirundi, Kinyarwanda, French, and Somali. The study's dried spot and rapid test blood collector was specially trained in these techniques. The HIV counsellor was a registered counsellor. Both these last two women used the services of appropriate fieldworkers when they encountered language barriers during their tasks. The study team included two on-site managers. The principal investigator visited the site on randomly chosen occasions. Weekly feedback and debriefing sessions were held with all fieldworkers and were facilitated by the principal investigator. All study personnel underwent a week-long training that included research ethics, RDS procedures, and familiarization with the electronic barcoding system, and the ACASI questionnaire.
Participants
Women were eligible if they were 16-39 years of age; living, working or socializing in the Cape Town Metropolitan area; and able to speak English, Shona, Swahili, Lingala, Kirundi, Kinyarwanda, French, or Somali. The age restriction was applied because in South Africa HIV prevalence rates rise rapidly and are at their highest among women in this age band [23] . The language restriction was established through formative research to represent the predominant languages spoken among the population of foreign migrants in Cape Town.
Eleven 'seeds' were initially recruited and enrolled in the study during the first 3 weeks of operation. The same eligibility criteria were applied to seeds as study participants. The countries of origin of the seeds were Zimbabwe [1] , Rwanda [3] , Burundi [1] , Congo [1] , Somalia [2] and three did not indicate country of origin. When it became evident that few Zimbabwean women were participating, four additional Zimbabwean seeds were recruited during July 2012.
Each 'seed' and recruit was provided four recruitment coupons with which to recruit eligible women into the survey. Participants were provided instructions by a specially trained staff member on how to recruit their peers who met the eligibility criteria. To ensure that there was no repeat enrollment; participants provided fingerprints that were stored in a secure on-line database. Participants were provided supermarket shopping vouchers to the value of R60 (±US6.70) for completing the ACASI and providing blood samples. Additional shopping vouchers to the value of R20 (±US2.20) were given to participants for each recruit who successfully completed the survey. Recruitment coupons had unique barcoded recruitment numbers that were used to link recruiters to their recruits and to link the results from the DBS to their survey responses. We used barcode numbering software, specially developed for our purposes, to generate the barcoded recruitment coupons (www.bryantresearchsystems.com).
During the 6th week of recruitment we reduced the number of recruitment coupons to three per recruiter because we had successfully recruited 267 participants and the study site was running at capacity. During the 14th week of recruitment we reduced the number of recruitment coupons to one per recruiter because we had successfully recruited 851 participants and were closing the study site the following week. In total 2,777 coupons were issued and the return rate was 34.4 %.
Data Sources
We implemented RDS using standard procedures [24] . 'Seeds' and recruits were initially screened for eligibility. Once it was established that they met the eligibility criteria, were confirmed via the fingerprint that they had not enrolled previously and provided written informed consent, they completed an ACASI.
A short intake questionnaire was used to assess whether participants met the study's eligibility criteria. The intake questionnaire included three questions to ascertain participants' network size:
• Question #8: How many migrant women do you know (they know your name and you know theirs) AND they live/work or socialize in Cape Town? • Question #9: Among these women (number from Q8), how many have you spent time with in the past 3 months? • Question #10: Thinking of these (Number from Q9) women, how many are between 16 and 39 years of age?
The response to this final question was the number of each participant's social network size. Analysis of data from RDS surveys requires an accurate social network size from each participant because the data is weighted using this information. We used three questions to maximize the accurate reporting of each participant's personal social network size.
The ACASI comprised 125 questions. We began by asking five practice questions so that participants could familiarize themselves with the software. We then asked questions that measured socio-demographic information, migration experiences, access to health and education services, social support, depression, sexual history and health, exchanging sex for material goods, intimate partner violence, and alcohol and drug use.
Participants voluntarily provided DBS and were offered rapid HIV testing if they wished to know their HIV status, the results from which were provided on site by a trained HIV counsellor. Women who received positive rapid test results were referred to appropriate health care services.
Sample Size HIV prevalence among foreign migrant women residing in South Africa is not documented. We calculated the sample size using HIV prevalence data from women attending ante-natal clinics in a high-risk community in Cape Town (30.2 %) [25] , as a proxy for the proportion of HIV positive female foreign migrants. Thus, allowing for an error margin of 5 %, and a design effect of 2.5, we calculated the required minimum sample size for HIV prevalence to be 809. There has been recent debate in the RDS literature over an appropriate design effect for the sample size calculation. Recent consensus in the literature suggests that a design effect for RDS studies closer to 3 or 4 might be best, but that 2 is reasonable [26, 27] . This study chose to use the slightly more conservative design effect of 2.5.
Data Analysis
There were very few instances of missing data because the ACASI did not allow non-responses to questions. All questions included a ''refuse to answer'' response option.
Sample proportions and estimates of population proportions and 95 % confidence intervals (CIs) were calculated using the freely-available RDS Analysis Tool 7.1.38 (RDSAT) (www.respondentdrivensampling.org) for HIV status, demographics, and risk behaviours. This software package generates sample weights to take into account the variations in participants' network sizes (degree weight) and differential recruitment and homophily (recruitment weight), which refer to recruitment patterns based on the extent of preferences for recruitment of peers from within or from outside of one's own group on variables of interest. Using information about each participant's social network size (degree) and cross-and within-group recruitment patterns (who recruited who), the RDS I estimator was used to derive population estimates [28] [29] [30] . In bivariate analyses, we estimated crude risk ratios of HIV status by all covariates separately, and controlling for country of origin. This latter analysis was added post hoc once it became evident that severe bottlenecks had occurred by country of origin. The analyses were weighted with individual, HIV weights generated by RDSAT 7.1.38. All odds ratios and corresponding p values were calculated using STATA, version 10.0. We included the response option ''Refuse to Answer'' in the analysis if it was selected by [10 % of participants in order to minimise the potential negative impact on the estimates by large numbers of non-responses. All other ''Refuse to Answer'' selections were set to missing and not included in the analysis.
DBS samples were sent to a referral laboratory for anonymous HIV testing where serum was eluted from samples and tested with a fourth generation HIV ELISA (Vironostika Uniform II plus 0). Initially reactive samples were re-tested with a third generation (antibody only) HIV ELISA (SD Bioline). Samples that were reactive in both assays were reported as positive. Discordant samples were tested by western blot (HIV1/2 Biorad).
Ethical clearance was obtained from the Research Ethics Committee, Faculty of Health Sciences, at the University of Cape Town and from the University Committee on Activities Involving Human Subjects at New York University.
Results
Over a period of 15 weekend days (i.e. Saturdays and Sundays from 10 am to ± 4 pm) we issued a total of 2,777 recruitment coupons. Just over one third (37 %; n = 1,029) were redeemed. Forty-eight women were ineligible: 27 were younger than 16 years or older than 39 years, three reported a network size of 0, five did not reside, work or socialize in Cape Town, and 13 did not provide written consent. Twenty-three women were identified via fingerprints as attempting to repeat participation and were turned away without enrolling. Fifteen seeds were recruited during the 15 weeks of operation; 11 initially and four more between the 7th and 10th week of recruitment (Table 1) . Four seeds proved inactive and five seeds generated 50 or more recruits over a maximum of 13 waves (range 1-13) ( Table 1 ). Eight of the 11 recruitment chains had a length of more than ten waves and produced 77 % (708 of 920) of recruits ( Table 1) . Simulated equilibrium estimates, generated by RDSAT 7.1.38, on 17 key variables was reached between 1-6 waves of recruitment ( Table 2 ). Network homophily indices close to 0 suggest that social ties among recruits and recruiters crossed networks. Indices of homophily on 17 variables had a maximum homophily of 0.264 and heterophily of -0.278 indicating there was little preference for either in-or out-group recruiting. However, homophily indices for country of origin showed clear within-country recruitment patterns (between 0.899 and 0.679); and equilibrium was not reached on this variable (Table 2) .
Our final sample comprised 935 women who reported an average network size of 12.2 (range 1-150). The mean age of women was 28.4 years (median = 29 years). Most women were married (69.4 %), and the majority had high school education (77.9 %). Almost a third (32.6 %) lived in informal dwellings (corrugated iron shacks and temporary backyard dwellings); 16.4 % had personal income, 67.2 % relied on others for income (e.g. parent/s or other family members, or sexual partners) and 16.4 % reported having no income. The majority originated from Congo Brazzaville/Democratic Republic of Congo (DRC) (58.2 %); 23.3 % from Zimbabwe; 18.5 % and from other sub-Saharan African countries (4.7 % from Rwanda, 7.5 % from Burundi). Most women (36.5 %) had resided in South Africa between 3 and 5 years; fewer (20.8 %) had lived in South Africa for more than 10 years. More than a third (38.1 %) reported home circumstances where they did not have enough money for food. The majority (94.0 %) reported sexual debut at C15 years of age. Women reported a range of 0-6 male sexual partners in the previous 3 months with a mean and median of one partner, and 5.5 % reporting more than one partner in this time (range: 2-11). When asked whether they had been in a sexual relationship with a man whilst still having a sexual relationship with another in the past 3 months, 8.1 % of women who reported more than one sexual partner answered affirmatively. More than a quarter of women (26.6 %) reported experiencing one or more symptoms of a sexually transmitted infection in the past year. Condom use with most recent main partner at last sex (28.4 %) and with casual partner/s (20.6 %) was low. Similarly, 21.2 % of women always or often used condoms with their main partners and 19.5 % always or often used condoms with casual partners in the past 3 months. ''Refuse to answer'' choices were made for questions that can be considered sensitive, validating our decision to have this response option available rather than not knowing why women missed responses. For example, 12.6 % of women refused to indicate whether multiple sexual partners were concurrent, 21.3 and 26.2 % refused to answer condom use questions (at last sex and frequency in the past 3 months respectively) with main partners, and 48.1 and 52.1 % refused to answer condom use questions (at last sex and frequency in the past 3 months respectively) with casual partners.
More than a quarter of women (26.6 %) reported a symptom of a STI in the previous 3 months. HIV prevalence was 7 % (CI 4.9, 9.5). Among the women who were HIV infected, significantly more originated from Zimbabwe than from any other country. Among the women who were HIV infected, in the adjusted and unadjusted analyses, significantly more were between 30 and 39 years than the other age categories; were unmarried; had lived in South Africa between 3 and 5 years compared to those who had resided in South Africa for fewer or more years; had sexual debut at 15 or more years of age; had used a condom at last sex with a main partner; and refused to answer the question about frequency of condom use in the past 3 months with a main partner ( Table 3 ). The only result that was affected by country of origin was women's main source of income. While having a personal income was significantly related to HIV status in the unadjusted analysis, it no longer proved to be so in the adjusted analysis (Table 3) .
Discussion
RDS was effective and feasible for recruitment of foreign migrant women residing in Cape Town. While seven seeds and their recruits appeared to have difficulty recruiting others, the majority of seeds and their recruits did not. Of the seven less-productive seeds, four were recruited towards the end of the study, and thus had insufficient time to recruit peers. We do not know whether they would or would not have had difficulty recruiting others. Some referral chains reached 13 waves indicating that our BBSS reached socio-metric depth within the networks we sampled. All variables (except country of origin) reached equilibrium within 2-6 recruitment waves and bias from the non-random selection of seeds was theoretically eliminated. All variables' homophily and heterophily indices (except country of origin) showed neither a tendency to ingroup nor out-group preferences. Only four women had difficulty using ACASI, and we were confident that accuracy of self-report, particularly for sexual and sensitive behaviours, was maximized. We were not surprised to find in-group recruitment by country of origin. During formative research we were alerted to the fact that, although cross-country networking did occur, women with shared countries of origin and native languages tended to cluster more tightly together, both geographically and socially. This was confirmed in our BBSS when women were asked about their relationship to their recruiter: 85 % said their recruiter was a blood relative or neighbour (18 %). However, our decision to treat migrant women as a social network that encompassed all female foreign migrants in Cape Town was based on the assertion from the key informants that bridges across country of origin did occur; facilitated by interaction with each other through formal settings and institutions, such as service providers and work environments, as well as through informal channels, such as social events and support networks.
The significantly higher proportion of Zimbabwean women among HIV infected women compared to women from other countries reflects the respective countries' HIV prevalence among adult women. Information from the countries' Demographic and Health Surveys report the following HIV prevalence rates among adult women: 18 % in Zimbabwe in 2010-2011; 4.1 % in Congo Brazzaville in 2009; 1.6 % in DRC in 2007; 3.7 % in Rwanda in 2010 and 1.7 % in Burundi in 2010 (http://www.measuredhs. com/publications/Publications-by-Country.cfm). HIV prevalence among our sample of women, apart from those from Zimbabwe, was also considerably lower than the prevalence rate for the Western Cape Province where Cape Town is situated (5.3 %) [23] and the prevalence rate for the Cape Metropolitan area (19.8 %) [31] . Whereas peak HIV prevalence among females in the South African national study was among women aged 25-29 years (32.7 %) [23] , we found that peak prevalence occurred at between 5 and 10 years later at age 30-39 years (59.4 %) among our sample. The relatively low prevalence of HIV among our sample of women compared to the rate for the Western Cape and for the Cape Town metropolitan area where they resided might reflect that residence in a context of relatively high HIV prevalence is not a risk factor for HIV. However, it would appear that women who had resided in the Cape Town area for between 3 and 5 years were most vulnerable to HIV infection. The low prevalence of HIV might also be explained by the relatively low levels of risk behaviours among our sample of women, or the evidence of limited mixing with people from other countries that might include South Africans. While 62.5 % of women reported having had an HIV test in the previous year, it is unlikely that such recent knowledge of HIV status might have contributed to reduced risk behaviour, and thus low HIV prevalence rates.
The high prevalence of STI symptoms among women might be a reflection of the generally small numbers of women who seek treatment for STI's in some sub-Saharan African countries. For example, findings from Demographic and Health Surveys indicate that only 22 % of women in Zimbabwe and 27 % of women in Malawi seek professional advice and treatment for STIs [32] . Seeking health care in a foreign country might also have been a barrier to many migrant women; the subject of a forthcoming publication using this study's data.
Early sexual debut (under 16 years of age) among women is related to greater risk for HIV due to a lesser likelihood of condom use [33] , greater risk of sexual abuse, and a greater likelihood of engaging in other HIV-related risk behaviours [34] . The low rate of early sexual debut among our study's women might have protected them from these concomitant risks and might also account for the later HIV peak prevalence among them.
Concurrency is generally defined as instances where an individual has two or more sexual relationships that overlap in time [35] . The ''concurrency theory'' proposes that, particularly when an individual is newly infected with HIV compared to any other stage in disease progression, the probability of transmission of HIV to other members of the individual's sexual network increases between 8 and 10 fold [36] . The outcome is acceleration in the speed of HIV transmission facilitating the spread of HIV [37] , across interlinked sexual networks [38] . The relatively low prevalence of HIV among the women in our sample might be explained by the fact that they were mostly abstinent or had one sexual partner in the past 3 months, and very few reported concurrent sexual partners.
Condom use at last sex and always in the past 3 months with main and casual partners was low. Because the majority of women reported only one sexual partner, it is likely that main and casual partners among our sample were monogamous partners. Forgoing condom use with main or monogamous partners has been reported in several studies among men and women where (mis)perceptions of faithfulness and trust, and thus safety that inform noncondom use is proposed as an explanation for low condom use with these partners [39] . The significant association between HIV status and condom use at last sex, and always and often during the past 3 months with main partners suggests that HIV-infected women might have known their HIV status (and/or their partners' status) and were using condoms as recommended to prevent re-infection.
The study has a number of limitations. First, the homogeneity of recruitment by country of origin means that six independent samples were inadvertently drawn. Aggregating the independent networks to generate a single sample violates an assumption of RDS that a sample forms one complete network component [40] . The HIV estimates are thus unstable and unreliable and should be considered in this light. Second, we cannot assume any causal relationship between HIV status and risk behaviours given the crosssectional study design. Third, our sample was recruited from a population of female foreign migrants residing in Cape Town and cannot be generalized to other migrant populations in South Africa. Indeed, given the bottleneck created by country of origin, our sample may not be representative of migrant women in Cape Town. We would recommend that future BBSS in Cape Town are conducted among female foreign migrants by country of origin. Furthermore, future BBSS among female migrants are recommended in other parts of South Africa because their risk profile might differ from that found in Cape Town. Finally, while our key informants came from organizations in Cape Town that provide services to female foreign migrants, it would have served the study better had our formative research included women from the communities who might have had a clearer and perhaps more accurate perception about the social network properties of female migrants in Cape Town. Future research should not rely on key informants only and should also seek information from potential recruits.
Respondent driven sampling recruitment proved to be an effective method for investigating HIV prevalence and risk behaviors among female foreign migrants residing in Cape Town. The lower overall HIV prevalence found in this population may be due to decreased engagement in risky sexual behaviors. More research is needed to investigate the large variation found in HIV prevalence estimates among women from different countries of origin. This research could help to design service provision and interventions programs to those sub-groups most at risk.
